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Two species of benthopelagic deep-water crustaceans, the suprabenthic mysid Boreomysis arctica and the bathypelagic
euphausiid Nematoscelis megalops were analysed in their lipidic composition, with especial emphasis on fatty acids, from
specimens obtained in the north-west of Mallorca (Balearic Islands, western Mediterranean) at depths ranging between
650 and 780 m. Temporal shifts were studied seasonally, based on ﬁve cruises performed in August and November 2003,
and February, April and June 2004, using a Macer-GIROQ suprabenthic sledge (0.5 mm mesh size). Evidences of omnivorous
and carnivorous feeding habits were found for both species derived from their fatty acid and other lipid proﬁles. Boreomysis
arctica showed a more varied fatty acid proﬁle than N. megalops. This suggests that B. arctica feeds on a wider range of food
sources and is a more opportunistic feeder. The high proportions of 16:1(n-7), 20:5(n-3) and 22:6(n-3) fatty acids in both
species suggests a link between surface primary production and deep slope habitats, while markers such as 18:1(n-9) and
the 20:1(n-9) and 22:1(n-11) fatty alcohols indicate a predatory activity, likely on calanoids. These components may
arrive both via phytodetritus deposition to the seabed and by migratory movements of prey consumed by B. arctica and
N. megalops close to the sea bottom. Seasonal changes in the total lipids and fatty acid composition of both species are
related to the seasonal dynamics in their food sources, coupled with changes in the physiological or developmental stage of
individuals. The proportion of total lipids and polyunsaturated fatty acids in the two species may be related to the different
life histories of B. arctica and N. megalops. The mysid has direct development of embryos within brood pouches, so eggs with
large amount of vitelum are generated and gonad is well developed. By contrast, the meso-bathypelagic euphausiids generate
planktotrophic larvae, with a high number of free developmental larvae stages (from nauplius to Furcilia/Calyptopis), and
eggs with poor storage of lipid compounds compared with B. arctica embryos.
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I NTRODUCT ION
Trophic relationships are the key to understanding deep-sea
ecosystem structure and functioning (Tyler, 2003). They inﬂu-
ence the depth distributions of species and diversity patterns
with depth, as well as the pelagos with the benthos (Cartes
& Carrasso´n, 2004). Trophic relationships and their temporal
dynamics are very poorly known in ocean margin ecosystems,
especially in the case of the small zooplankton and micronek-
ton and their role as vectors of energy transfer in the benthic
boundary layer (BBL). The deep-sea BBL biota (suprabenthos/
hyperbenthos; Mees & Jones, 1997), and bathypelagic
meso-zooplankton are complex groups with permanent and
temporary faunal groups. The permanent suprabenthos are
dominated by peracarid crustaceans (e.g. mysids and amphi-
pods). The temporary suprabenthos (e.g. euphausiids and
natant decapod crustaceans), spend only an element of their
time in their BBL owing to diurnal vertical, seasonal and/or
ontogenetic migrations. These groups are key links between
primary producers and higher trophic levels because they
are prey for top predators such as ﬁsh and large decapod
crustaceans (Mauchline, 1980; Sainte-Marie & Brunel, 1985,
Cartes et al., 2004).
The main food source for suprabenthic fauna at bathyal
depths is detritus derived from primary production in
surface waters (Polunin et al., 2001; Madurell et al., 2008).
Using stable isotopes at least two different trophic levels
were identiﬁed among suprabenthic crustaceans in the
western Mediterranean, including detritus feeders and carni-
vores (Fanelli et al., 2009). Results on the dynamics of the
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Mediterranean suggest that primary productivity at the sea
surface is linked to the bathyal BBL by two different pathways.
First, zooplankton (including the temporary suprabenthos)
feed directly on phytoplankton in surface waters by daily
(nightly) migrations to the photic zone. The permanent supra-
benthos, however, is dependent on detritus deposited on the
seaﬂoor and/or resuspended in the BBL (Cartes et al., 2008).
Both compartments are linked to the primary production
cycle, and are therefore inﬂuenced by seasonal shifts in food
availability and quality.
Fatty acid biomarkers have been extensively used as a
useful method for determining food web relationships and
dietary habits of marine species over an integrated time
(Graeve et al., 1994a, b). As in the case of stable isotopy we
estimate the assimilated food, in contrast to stomach
content analysis that gave information at a shorter time
scale of the ingested food (Sano et al., 2003). Hence, certain
fatty acids or ratios between ‘marker lipids’ can provide
precise indication of the diet of marine animals and of their
trophic position. Valuable information on diet composition
and food sources can be derived from seasonal dynamics in
the fatty acid composition of marine organisms. These
methods are particularly useful for small species, when gut
content analyses are difﬁcult to perform. Marker fatty acids
are speciﬁc to a particular individual organism or groups of
organisms because they are incorporated into consumers in
a conservative manner (Cook et al., 2010), and therefore
retain a signature of the diet sources (Sargent et al., 1987;
Dalsgaard et al., 2003). Therefore 16:1(n-7), 18:4(n-3) and
18:1(n-7) are typical phytoplankton markers (Falk-Petersen
et al., 2000), 16:1(n-7), C16 PUFA and 20:5(n-3) and a 16:0/
16:1(n-7) . 1 indicates high consumption of diatoms
(Kharlamenko et al., 1995; Falk-Petersen et al., 2000), while
high proportions of 18:4(n-3), 18:5(n-3), and 22:6(n-3) tend
to indicate consumption of dinoﬂagellates (Falk-Petersen
et al., 2000) as also is indicated by a low proportion in
16:1(n-7). 22:6(n-3), 18:1(n-9) and a low ratio 18:1(n-9)/
18:1(n-7) has also been associated with carnivorous habits
in marine invertebrates (Kharlamenko et al., 1995; Cook
et al., 2000). Finally, occurrence of bacteria in the diet is
linked to the proportion of odd-chained and branched fatty
acids and the ratio of 18:1(n-9)/18:1(n-7) fatty acids
(Sargent et al., 1987; Kharlamenko et al., 1995; Cook et al.,
2010).
There is a large body of literature on the fatty acid compo-
sition of calanoid copepods (see Dalsgaard et al., 2003 for a
review). Lipid and fatty acid research has focused on euphau-
siids (Dalsgaard et al., 2003; Mayzaud et al., 2003; Stu¨bing &
Hagen, 2003; Ju & Harvey, 2004) and hyperiid amphipods
(Nelson et al., 2001; Auel et al., 2002; Garcı´a-Guerra et al.,
2004). In contrast, very little is known about fatty acids of
hyperbenthic species (Scott et al., 1999; Bu¨hring &
Christiansen, 2001; Nelson et al., 2001, Nyssen et al., 2005;
Richoux et al., 2005; Werner & Auel, 2005). In addition
studies on the seasonal dynamics of fatty acids are scarce
and are restricted mainly to euphausiids from the Arctic
and Antarctic (Hagen & Kattner, 1998; Falk-Petersen, et al.,
2000; Hagen et al., 2001; Phleger et al., 2002). In the deep
sea the lipid biomarker approach has only been applied to
benthic fauna off the Pakistan Margin (Jeffreys et al., 2009).
Seasonal studies have been restricted to the response of
benthos (meio and megafauna) to ﬂuxes of labile organic
matter in sediments (e.g. Suhr et al., 2003; Hudson et al.,
2004). The response of BBL zooplankton is totally unknown
although this fauna often has higher P/B than the infauna
(Cartes et al., 2002). Therefore, the study of food assimilation
and energy transfer among BBL zooplankton with a high
metabolic capacity is of particular interest.
The mysid Boreomysis arctica (Krøyer, 1861) (permanent
suprabenthos) and the euphausiid Nematoscelis megalops
(G.O. Sars, 1883) (near-bottom macrozooplankton) are the
two dominant components of the slope BBL in the western
Mediterranean. Both species dominate the biomass collected
in both suprabenthic sledges (between 0 and 2 m above
bottom (mab)) and near bottom zooplankton nets at depths
(15–50 mab) (Casanova, 1974; Cartes et al., 2003, 2010).
Despite the importance of these species in the energetics of
bathyal ecosystems little is known about their feeding habits
and trophic relationships. Boreomysis arctica is an omnivor-
ous non-selective feeder, preying mainly on copepods. It
also consumes a high variety of phytodetritus (Cartes &
Sorbe, 1998). Very little is known about the diet ofN. megalops
in the deep Mediterranean (Casanova, 1974). Nematoscelis
megalops has a reduced mandible palp and thoracopods
lacking setae. This is characteristic of carnivorous euphausiids
(Casanova, 1974) which feed primarily on copepods. Smaller
carnivorous euphausiid individuals (carapace length (CL)
15 mm) also feed on detritus and phytoplankton (Casanova,
1974). Information on the diet of N. megalops is also known
from Southern Ocean populations and from off the coast of
Namibia (Barange et al., 1991; Gurney et al., 2001). In these
upwelling/highly productive systems individuals of N. mega-
lops are larger and are distributed at shallower depths than
in the deep oligotrophic Mediterranean Sea. Both studies indi-
cate that adults of N. megalops are carnivorous feeding mainly
on copepods. Adults of N. megalops perform diel vertical
migration to the thermocline layer to feed (Barange´ et al.,
1991; Andersen et al., 2004). Euphausiids are generally con-
sidered to be opportunistic omnivores and may change their
feeding strategy depending on food availability (Mauchline,
1980) switching to omnivorous feeding during non-bloom
periods.
The objectives of this research were to characterize lipid
biomarkers of B. arctica and N. megalops and to evaluate
the seasonal dynamics of their fatty acid and other lipidic
compounds composition. This will allow us to elucidate and
compare food sources exploited by two species belonging to
two different habitats and ecological compartments (hyper-
benthos and zooplankton) in the water column and sedi-
ment/water interface. The results are compared with
previous studies on diet derived from gut content analysis
(Casanova, 1974; Cartes & Sorbe, 1998) bearing in mind the
different life histories of the two target species.
MATER IALS AND METHODS
Sampling
Specimens of B. arctica and N. megalops were obtained during
the IDEA cruises, conducted north-west of Mallorca (Balearic
Islands, western Mediterranean) between 38898–39881′N and
2818’–2876′E at depths ranging between 650 and 780 m (see
Cartes et al., 2008 for more details of the study area).
Samples were collected seasonally, during ﬁve cruises per-
formed in August 2003, November 2003, February 2004,
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April 2004 and June 2004, using a Macer-GIROQ supra-
benthic sledge (0.5 mm mesh size). Between two and four
individuals per cruise of both species were selected for lipid
analysis (only large sizes and non-mature specimens for
each species to avoid biass due to reproduction peaks).
Individuals were sorted, measured, frozen at –20oC, and
then stored until their preparation for analyses. Prior to
lipid extraction the samples were freeze-dried. Whole
animal polar lipid fatty acid proﬁles were determined for
both species.
Lipid analyses
The methods for the determination of lipids have been
described in detail by Kiriakoulakis et al. (2001, 2004).
Brieﬂy, freeze-dried samples were spiked with an internal
standard (cholestane), sonicated–extracted with dichloro-
methane:methanol; 9:1 and then methylated with methanolic
acetyl chloride. GC–MS analyses were carried out on the
derivatized (bis-trimethylsilyltriﬂuoroacetamide; BSFTA, 1%
TMS; 50 mL; 40oC; 1 hour) methylated total extracts using a
Trace 2000 Series gas chromatograph (on-column injector;
fused high temperature silica column, 60 m × 0.25 mm i.d.;
5% phenyl/95% methyl polysiloxane equivalent phase;
DB5-HT; J&W carrier gas helium at 1.6 mL min21),
coupled with a Thermoquest Finnigan TSQ7000 mass spec-
trometer (ionization potential 70 eV; source temperature
215oC; trap current 300 mA). Proﬁles were processed using
Xcalibur software.
Compounds were identiﬁed by comparison of their mass
spectra and relative retention indices with those available in
the literature and/or by comparison with authentic standards.
Quantitative data were calculated by comparison of peak areas
with internal standards using the total ion current (TIC) chro-
matogram. The relative response factors were determined
individually for 36 representative fatty acids, sterols and alke-
nones using authentic standards. Response factors for com-
pounds with no standards available were assumed to be
identical to those of available compounds of the same class.
Lipid biomarkers
Main fatty acids used as biomarkers (for reviews see: Dalsgaard
et al., 2003; Lee et al., 2006) can be summarized as: (i) 20:5(n-3)
and 16:1(n-7) for diatoms; (ii) 22:6(n-3) and 18:4(n-3) and
16:0 for dinoﬂagellates, though the 16:0 is also abundant in
phytodetritus; and (iii) 18:1(n-9), 20:1(n-9) and 22:1(n-11)
and their corresponding alcohols are mainly found in metazo-
ans and are indicators for carnivorous feeding on copepods.
The most common ratios used include the ratios 16:1(n-7)/
16:0 and 20:5(n-3)/22:6(n-3) to differentiate between diatom
or ﬂagellate diet, and the 18:1(n-9)/18:1(n-7) and PUFA/
SFA ratio as measures of carnivorous diet (Dalsgaard et al.,
2003; Stu¨bing & Hagen, 2003). These are the most useful bio-
markers for our approach on the trophic dynamics of deep
crustacean.
Statistical analyses
Differences between seasons in lipid contents (and in the body
size, CL, mm) of specimens analysed were tested with analysis
of variance (ANOVA) tests with Tukey test for post-hoc paired
comparisons. In order to summarize the seasonal changes in
the fatty acid composition (fatty acids that account for .1%
of the total fatty acid composition) of Boreomys artica and
Nematoscelis megalops principal component analyses (PCAs)
were performed on log transformed-normalized data using
the PRIMER 6.1.6 software (Clarke & Warwick, 1995).
RESULTS
Individuals of Boreomys artica and Nematoscelis megalops dif-
fered in size between some of the different periods studied,
with a signiﬁcant decrease in CL in autumn (November;
ANOVA P ¼ 0.02) for B. arctica and in summer (August
and June; ANOVA P ¼ 0.01) for N. megalops (Tables 1 &
2). This may be considered in interpreting results obtained
in those periods.
Total lipids
Boreomysis arctica showed higher overall lipid contents (range
between 6.2 and 44.4% of dry weight (DW)) thanNematoscelis
megalops (7.3–11.3% DW) (Table 1). Boreomysis arctica
showed higher total lipid content in February (ANOVA,
P ¼ 0.03) and the lowest value was found in August. By con-
trast, non-signiﬁcant differences (ANOVA) in the overall lipid
content were observed for N. megalops (Table 2).
Fatty acids and sterols dominated the overall lipid compo-
sition in both species, while the concentrations of fatty alco-
hols were much lower (between 0.3 and 3.7% of total lipids
for B. arctica and between 0.8 and 6.3% for N. megalops)
(Tables 1 & 2). In B. arctica, the proportions of fatty acids
(TFA) were greatest in November 2003 and lowest in June
2004. Sterol concentrations were lowest in autumn
(November 2003) and greatest in June 2004 (Table 1). In N.
megalops fatty acids increased from autumn (November
2003) through to spring (April). Lowest concentrations
occurred in summer months (August 2003 and June 2004)
(Table 2). As in the case of B. arctica sterols presented the
opposite pattern with higher values in summer and lower in
November and February (Table 2).
Fatty acids
Polyunsaturated fatty acids (PUFAs) contributed the greatest
percentage of fatty acids in both species (between 48.2% to
72.9% for B. arctica and 80% in N. megalops) (Tables 1 & 2)
Boreomysis arctica: forty fatty acids were identiﬁed for B.
arctica (Table 1). PUFAs represented the highest percentage
of fatty acids showing an increase from autumn (November
2003) to a maximum in spring (April 2004). Lowest concen-
trations occurred in summer months. Saturated fatty acids
(SFAs) (6.5–17.5% of the total fatty acids), mono-unsaturated
fatty acids (MUFAs) (16.5–33% of the total fatty acids) and
bacterial fatty acids (0.6–5.3% of total fatty acids) followed
an inverse pattern to PUFAs, with higher values in summer
months. Main fatty alcohols included 16:0, 18:0, 20:1(n-9)
and 22:1(n-11).
The PUFAs 22:6(n-3), 20:5(n-3); the MUFAs 18:1(n-9),
16:1(n-7) and the SFA 16:0 were the major lipid components
in all seasons. Their proportions varied among seasons. Thus,
22:6(n-3) and 20:5(n-3) had greater concentrations in winter
through to spring (November to April, under conditions
of water column homogeneity), while 18:1(n-9), 16:0 and
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16:1(n-7) had greatest values in summer. Very high variability
between specimens sampled in the same season was observed
for all seasons and was particularly high in individuals
collected in summer. These seasonal differences are
evident in PCA of the fatty acid composition of B. artica
(Figure 1). The ﬁrst two components explain up to 65.4% of
the variance. Although differentiation of seasons is somewhat
blurred, a more diverse fatty acid proﬁle distinguished
samples collected in summer (June and August) in the ﬁrst
PCA component.
The following compounds were found in trace amounts: (i)
fatty acids 15:ai, 15:0, 16:i, 17:0, 17:ai, 20:0, 21:0, 22:0, 23:0,
24:0, 16:1, 17:1, 23:1, 24:1, d9-C16:1, d11-C16:1, 18:2(n-6),
20:2(n-6), 18:3(n-3), 22:3(n-3), 18:4(n-3), 20:4(n-3), 22:5(n-6)
and 22:4(n-3); (ii) alcohols: 15:0, 24:0; and (iii) sterols: D5,22
C27 sterol, D5, 24 C27 sterol, D7 C27, D7 22 C29,
b-sitosterol-TMS ether, and C26.
The ratios 16:1(n-7)/16:0 (range between 0.2 and 1.5) and
20:5(n-3)/ 22:6(n-3) (range between 0.2 and 0.4) were lowest
in autumn (November). They were greatest in summer (in
June and in the case of 20:5(n-3)/22:6(n-3) also in August),
although they were always very variable (Figure 2) probably
by high individual variability. Overall the ratio 18:1(n-9)/
18:1(n-7) was very high (.10) except in June 2004. Both
maximum and minimum values were evident in summer
months (August and June; Figure 2). The PUFA/SFA ratio
(range between 1.3 and 48) was lowest in summer (August
and June), increasing from August to April, reaching the
higher value in spring (April 2004; Figure 2), again with a
high individual variability.
Nematoscelis megalops: forty fatty acids were identiﬁed
for N. megalops (Table 2). PUFAs accounted for 80% of
the fatty acids in N. megalops. PUFAs decreased in autumn
(November) and increased afterwards with maximum values
Table 1. Lipidic proﬁle of Boreomysis arctica in the ﬁve periods analysed. N, number of specimens. Compounds found in trace amounts not included.
%DW, dry weight %; SSFA, sum of saturated fatty acids; SMUFA, sum of monounsaturated fatty acids; SPUFA, sum of polyunsaturated fatty acids;
Sbacterial, sum of odd chain fatty acids.
August 2003 November 2003 February 2004 April 2004 June 2004
N 4 3 2 4 3
Size (mm+ SD) 5.7+ 0.3 4.3+ 0.2 5.2+ 0.2 5.8+ 0.9 5.7+ 0.2
Fatty acids %DW SD (%TFA)
C14:0 4.5+ 5.0 0.8+ 0.7 0.6+ 0.0 0.4+ 0.6 3.6+ 3.3
C16:0 12.3+ 4.0 8.8+ 3.9 5.8+ 3.0 5.7+ 4.7 8.3+ 1.9
C18:0 0.6+ 0.2 0.6+ 0.2 0.5+ 0.3 0.4+ 0.2 1.5+ 0.6
SSFA 17.5+ 9.2 10.4+ 4.9 6.9+ 2.7 6.5+ 5.6 13.5+ 1.1
C16:1(n-7) 7.0+ 2.6 4.2+ 2.8 4.2+ 1.4 3.1+ 3.6 9.1+ 5.3
C18:1(n-9) 14.1+ 2.6 10.7+ 3.5 13.3+ 2.3 10.9+ 4.8 16.0+ 8.2
C18:1(n-7) 1.1+ 0.3 0.7+ 0.2 1.1+ 0.2 0.5+ 0.5 2.3+ 0.7
C20:1(n-9) 2.6+ 1.2 1.4+ 0.7 1.5+ 0.2 1.6+ 0.9 2.2+ 1.9
C20:1(n-11) 0.1+ 0.1 0.1+ 0.1 0.0+ 0.0 0.1+ 0.1 1.8+ 1.5
C22:1(n-11) 0.6+ 0.5 0.1+ 0.1 0.6+ 0.7 0.4+ 0.6 1.2+ 1.4
SMUFA 26.0+ 5.6 17.6+ 6.6 21.1+ 2.6 16.5+ 9.3 33.0+ 18.2
C20:4(n-6) 1.7+ 0.5 1.4+ 0.2 1.7+ 0.6 1.9+ 0.4 1.2+ 1.2
C20:5(n-3) 14.2+ 3.3 11.7+ 1.8 17.2+ 1.9 16.0+ 2.6 12.3+ 6.1
C22:6(n-3) 37.6+ 11.0 54.6+ 11.5 50.4+ 5.1 56.5+ 13.7 31.1+ 14.2
C22:2(n-6) 0.2+ 0.5 0.5+ 0.4 0.1+ 0.2 0.0+ 0.0 1.2+ 1.0
SPUFA 55.4+ 14.4 71.1+ 12.1 71.3+ 5.5 72.9+ 11.2 48.2+ 24.3
Sbacterial 1.1+ 0.7 0.8+ 0.6 0.6+ 0.1 0.6+ 0.8 5.3+ 7.2
Fatty alcohols %DW SD (%TFAlc)
C14:0 1.1+ 0.8 0.0+ 0.0 1.2+ 0.1 0.9+ 0.7 1.4+ 1.3
C16:1 0.9+ 1.4 0.0+ 0.0 0.0+ 0.0 0.0+ 0.0 0.4+ 0.7
C16:0 33.9+ 9.7 26.4+ 14.1 25.2+ 5.5 33.8+ 17.3 23.8+ 7.7
C17:1 1.8+ 3.3 9.2+ 1.8 0.9+ 1.2 0.8+ 1.1 0.2+ 0.3
C17:0 0.6+ 0.8 0.0+ 0.0 0.0+ 0.0 0.2+ 0.3 0.2+ 0.3
C18:1(n-9)n-7 1.9+ 2.4 0.0+ 0.0 1.9+ 2.7 5.3+ 3.7 12.8+ 16.5
C18:0 12.7+ 7.1 15.5+ 8.2 5.8+ 2.5 3.8+ 0.5 8.0+ 2.5
C20:1(n-9) 15.1+ 7.5 17.1+ 2.2 21.8+ 21.8 28.8+ 13.2 18.2+ 4.8
C20:0 2.1+ 1.1 3.6+ 0.5 3.0+ 0.5 2.0+ 0.7 1.1+ 1.1
C22:1(n-11) 25.6+ 4.0 24.2+ 15.3 31.8+ 27.3 20.1+ 9.4 32.0+ 2.9
C22:0 3.0+ 1.5 2.2+ 1.9 3.6+ 1.7 3.2+ 1.6 1.1+ 1.1
C24:1 1.2+ 1.2 1.8+ 3.1 4.5+ 2.7 1.1+ 1.5 0.8+ 0.7
Sterols %DW SD (%TSt)
Cholesterol 93.5+ 2.4 95.0+ 1.3 95.4+ 5.7 98.4+ 1.6 98.2+ 2.1
Total lipid (mg g21+SD) 53.4+ 36.3 87.0+ 31.2 55.1+ 29.2 63.5+ 40.7 17.4+ 13.3
Total lipid %DM 14.6+ 8.7 18.9+ 1.5 44.4+ 8.7 23.0+ 17.2 6.2+ 4.7
Total fatty acids (TFA) 73.0+ 19.5 92.5+ 2.7 72.2+ 22.9 72.3+ 21.6 59.0+ 10.6
Total fatty alcohols (TFAlc) 2.9+ 4.0 0.3+ 0.1 2.1+ 1.4 1.8+ 1.4 3.7+ 1.4
Total sterols (TSt) 24.1+ 19.0 7.3+ 2.8 25.7+ 21.5 25.9+ 20.3 37.3+ 11.9
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in summer (August and June). SFAs (between 3 and 13% of
total fatty acids) and MUFAs (7% of total fatty acids) fol-
lowed an inverse pattern to PUFAs, with maximum values
in winter (November and February, respectively). Bacterial
fatty acids were very low (,1% of total fatty acids) with
lowest values in summer (August and June). Main fatty alco-
hols included 16:0, 18:1(n-9), 20:1(n-9) and 22:1(n-11).
The PUFAs 22:6(n-3), 20:5(n-3), the MUFA 18:1(n-9) and
the SFA 16:0 and 14:0 fatty acids were the major components
in all seasons. Their proportions varied among seasons. There
were greater concentrations of 22:6(n-3) in spring (April) and
summer (August and June), whereas t 20:5(n-3) were highest
and most variable in August. The 14:0 and 16:0 fatty acids
were greatest in autumn (November) and winter (February)
respectively, while the 18:1(n-9) showed low concentrations
in autumn (November). Results of the PCA differentiated
well between seasons (the ﬁrst two components explained
up to 76.8% of the variance) (Figure 3). The ﬁrst component
differentiated individuals from summer (August and June)
and autumn (November) distinguished by the contribution
of C14:0; while C16:0 discriminated samples from February
in the second component.
Other compounds found in trace amounts in Nematoscelis
megalops were: fatty acids: 15:i, 15:0, 16:i, 17:i, 17:ai, 18:0, 20:0,
22:0, 24:0, 15:1, 16:1(n-7)i or (n-13), 16:1(n-5), 17:1, 19:1,
20:1(n-9), 20:1(n-11), 24:1, 20:2(n-6), 22:2(n-6), 18:3(n-3),
20:3(n-6), 22:3(n-3), 21:5(n-3) and C26 PUFA; and alcohols:
15:0, 17:0, 22:0, 24:0 and 26:0; sterols: D5,22 C27 sterol, D5,
24 C27 sterol and D7 C27.
The ratio 16:1(n-7)/16:0 (range between 0.15 and 1.04) was
higher in autumn (November) and June (Figure 4) with
minimal values in February–April. The ratio 20:5(n-3)/
22:6(n-3), ranging between 0.3 and 0.6, showed no particular
pattern, and higher values were observed in winter (February).
The ratio 18:1(n-9)/18:1(n-7) (range between 4.1 and 7.4) was
much lower than in B. arctica. Higher ratios were observed at
Table 2. Lipidic proﬁle of Nematoscelis megalops in the ﬁve periods analysed. N, number of specimens. Other compounds found in trace amounts not
included. %DW, dry weight %; SSFA, sum of saturated fatty acids; SMUFA: sum of monounsaturated fatty acids; SPUFA, sum of polyunsaturated fatty
acids; Sbacterial, sum of odd chain fatty acids.
August 2003 November 2003 February 2004 April 2004 June 2004
N 4 4 4 4 4
Size (mm+ SD) 3.7+ 0.3 4.9+ 0.5 5.3+ 0.8 5.5+ 1.2 4.0+ 0.4
Fatty acids %DW+ SD (%TFA)
C14:0 0.4+ 0.4 10.3+ 2.7 2.4+ 2.0 1.4+ 1.3 2.3+ 2.3
C16:0 2.5+ 0.3 2.7+ 0.6 5.5+ 1.6 3.7+ 0.7 1.8+ 0.2
SSFA 3.3+ 0.4 13.3+ 3.3 8.3+ 3.5 5.3+ 0.9 4.3+ 2.3
C16:1(n-7) 1.2+ 0.0 2.2+ 0.6 2.7+ 1.3 1.0+ 0.4 1.2+ 0.4
C18:1(n-9) 4.5+ 0.2 3.4+ 0.5 4.5+ 0.1 4.3+ 0.2 3.7+ 0.2
C18:1(n-7) 0.7+ 0.1 0.5+ 0.1 1.0+ 0.1 0.8+ 0.1 0.7+ 0.1
C22:1 0.0+ 0.0 0.6+ 0.1 0.1+ 0.1 0.1+ 0.0 0.1+ 0.0
SMUFA 7.0+ 0.4 7.4+ 1.3 9.0+ 1.4 6.9+ 0.5 6.3+ 0.5
C18:4(n-3) 0.2+ 0.1 0.6+ 0.0 0.4+ 0.2 0.3+ 0.3 0.4+ 0.1
C18:2(n-6) 1.2+ 0.1 1.2+ 0.1 1.3+ 0.3 1.3+ 0.1 1.1+ 0.0
C20:4(n-6) 1.5+ 0.2 1.7+ 0.2 1.5+ 0.2 1.7+ 0.4 1.4+ 0.1
C20:5(n-3) 25.5+ 0.9 18.7+ 1.1 24.9+ 1.1 20.0+ 1.0 24.6+ 0.6
C20:4(n-3) 0.2+ 0.2 0.5+ 0.1 0.8+ 0.3 0.6+ 0.2 0.5+ 0.0
C22:5(n-6) 0.3+ 0.0 0.6+ 0.0 0.5+ 0.1 0.5+ 0.2 0.3+ 0.0
C22:6(n-3) 59.9+ 0.4 54.3+ 3.7 51.6+ 5.1 62.0+ 1.7 60.1+ 3.1
C22:4(n-3) 0.2+ 0.1 0.9+ 0.1 0.7+ 0.1 0.4+ 0.1 0.7+ 0.4
SPUFA 89.2+ 0.7 78.6+ 4.6 82.1+ 4.8 87.1+ 1.4 89.2+ 3.1
Sbacterial 0.5+ 0.1 0.6+ 0.1 0.7+ 0.1 0.6+ 0.2 0.3+ 0.3
Fatty alcohols %DW+ SD (%TFAlc)
C14:0 2.4+ 0.2 2.4+ 0.3 4.3+ 1.4 3.8+ 2.1 3.8+ 1.0
C16:1 0.7+ 0.8 1.2+ 0.0 2.8+ 1.0 0.2+ 0.3 2.6+ 0.7
C16:0 44.8+ 4.4 24.0+ 2.1 34.5+ 12.8 44.1+ 5.8 40.6+ 4.5
C17:1 0.0+ 0.0 0.2+ 0.2 1.3+ 2.1 3.6+ 4.2 0.4+ 0.5
C18:1(n-9) 7.4+ 0.3 1.6+ 0.3 1.2+ 1.6 2.9+ 1.5 1.7+ 1.2
C18:1(n-7) 1.9+ 2.2 1.1+ 0.1 1.0+ 1.1 0.5+ 0.9 1.9+ 1.3
C18:0 5.4+ 0.8 2.9+ 0.3 4.9+ 1.0 5.0+ 3.3 4.8+ 1.6
C20:1(n-9) 26.9+ 2.8 14.4+ 1.1 16.8+ 6.5 12.5+ 5.3 11.5+ 0.7
C22:1(n-11) 7.1+ 0.3 50.1+ 1.5 30.9+ 8.6 22.4+ 8.3 29.5+ 3.1
C24:1 1.1+ 0.7 0.9+ 0.1 1.8+ 1.3 3.6+ 1.7 1.0+ 0.2
Sterols %DW+ SD (%TSt)
Cholesterol 97.5+ 4.0 98.5+ 0.7 98.8+ 0.4 99.0+ 0.3 99.3+ 0.2
Total lipid (mg g21+SD) 16.7+ 3.2 45.7+ 12.0 47.0+ 12.3 40.4+ 9.5 24.8+ 6.5
Total lipid %DM 8.8+ 1.7 11.3+ 4.5 8.3+ 2.1 7.9+ 2.0 10.7+ 3.2
Total fatty acids (TFA) 61.0+ 22.2 76.4+ 3.0 85.0+ 2.9 82.9+ 3.0 65.6+ 2.8
Total fatty alcohols (TFAlc) 2.3+ 1.3 6.3+ 1.4 1.9+ 1.3 0.8+ 0.4 2.3+ 0.6
Total sterols (TSt) 36.6+ 23.5 17.3+ 2.6 13.1+ 3.9 16.3+ 3.0 32.0+ 2.7
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the end of the summer and autumn (August and November;
Figure 4) signiﬁcantly different from values in the period
February to June. The ratio PUFA/SFA (range between 4.5
and 52.5) was unusually high in summer months (August
and June; Figure 4), increasing form February to June. In
spite of some variability, this was on average lower than that
found for B. arctica. Also N. megalops marked some temporal
trends (e.g. in the ratio 18:1(n-9)/18:1(n-7) and in PCA
results) less evident in B. arctica.
D ISCUSS ION
This is the ﬁrst study performed on the seasonal dynamics of
fatty acids in deep-sea species, the ﬁrst also for species
dwelling in the BBL (hyperbenthic/near bottom zooplankton
species). Six major fatty acids characterized the fatty acid
proﬁle of the mysid Boreomysis arctica and the euphasiid
Nematoscelis megalops; namely the PUFAs 22:6(n-3),
20:5(n-3), the MUFAs 18:1(n-9), 16:1(n-7) and the SFAs
16:0 and 14:0. This combination of phytoplankton
(20:5(n-3) indicates consumption of diatoms: Kharlamenko
et al., 1995; 22:6(n-3) indicates consumption of dinoﬂagel-
lates: Falk-Petersen et al., 2000) and metazoan (18:1(n-9) indi-
cates carnivorous habits: Cook et al., 2000) markers indicates
an omnivorous–carnivorous feeding for these species. Other
indicators of a carnivorous diet include the 20:1(n-9) and
22:1(n-11) fatty alcohols, which were amongst the dominant
alcohols present in the overall composition of B. arctica and
N. megalops. Long chain alcohols are major components of
Fig. 2. Boreomysis arctica: biomarker ratios as a function of season.
Fig. 1. Principal components analysis on the fatty acid composition of
Boreomysis arctica.
Fig. 3. Principal components analysis on the fatty acid composition of
Nematoscelis megalops.
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wax ester from calanoid copepods, consumed by both species
based on gut contents (Casanova, 1974; Cartes & Sorbe, 1995).
The ratio PUFA/SFA and the ratio 18:1(n-9)/18:1(n-7), which
mainly indicate a predatory or omnivorous feeding, also
showed high values in both species, particularly the ratio
18:1(n-9)/18:1(n-7) in the case of B. arctica. Similar high
values for the ratio 18:1(n-9)/18:1(n-7) (between 16 and 18)
have only been reported for scavenger (carnivorous) amphi-
pods (Bu¨hring & Christiansen, 2001).
The results obtained from the fatty acid biomarkers are
consistent with data from gut contents reported both for B.
arctica and N. megalops. The gut contents of B. arctica (after
analysis at light microscope: Cartes & Sorbe, 1998) consisted
of crustacean remains (mainly calanoid copepods) and dino-
ﬂagellates as dominant food items. Other zooplankton items
(e.g. tintinnids and cnidarians) were also found in B. arctica
guts (Cartes & Sorbe, 1998). Therefore, the high levels of the
PUFA/SFA and those of the ratio 18:1(n-9)/18:1(n-7) might
indicate feeding on animal prey other than copepods.
Overall, B. arctica showed a more varied fatty acid proﬁle
than N. megalops, which suggests that it feeds on a wider
range of food sources. This species can be described as a facul-
tative detritivore (Mauchline, 1980; Cartes & Sorbe, 1998).
Boreomysis arctica also showed a high variability in fatty
acid ratios, pointing to differences in the diet among individ-
uals. It was usual within a same sample to ﬁnd animals with
guts full of crustacean remains while others ingested phytode-
tritus (Cartes & Maynou, 2001).
In contrast to B. arctica, the fatty acid proﬁle of the
euphasiid N. megalops was mainly dominated by the
PUFAs 22:6(n-3) and 20:5(n-3). These fatty acids are impor-
tant membrane components that dominate the phospholipid
fraction (Sargent & Henderson, 1986; Albers et al., 1996; Lee
et al., 2006). Their dominance points to a low dependence on
storage lipids. This is consistent with the low overall amounts
of lipids reported for this species (10%). Both PUFAs are
essential nutrients for marine invertebrates and they are
considered to derive only from phytoplankton
(i.e. ﬂagellates and diatoms respectively) (Sargent et al.,
1987; Brett & Mu¨ller-Navarra, 1997; Graeve et al., 1994a).
Although the high amounts found in all seasons might be
an indication of feeding on phytoplankton, the high concen-
tration of 22:6(n-3) and 20:5(n-3) is also characteristic of an
omnivorous–carnivorous feeding mode as it has been found
for Euphausia spp. (Saito et al., 2002 and references therein).
Cripps & Atkinson (2000) provided evidence for the prefer-
ential accumulation of 20:5(n-3) and 22:6(n-3) in Euphausia
superba when feeding on copepods in experimental con-
ditions, whilst Saito et al. (2002) suggested de novo synthesis
or selective accumulation of 20:6(n-3) for Euphausia spp.
However, this dominance of structural fatty acids might
also be a characteristic of carnivorous species in oligotrophic
and temperate areas (Mayzaud et al., 2003). Similar results in
the high dominance of 22:6(n-3) indicative of feeding on
dinoﬂagellates were found for Meganyctiphanes norvegica in
the Mediterranean Sea (Virtue et al., 2000). The low
diatom ratios (16:1(n-7)/16:0 and 20:5(n-3)/22:6(n-3)) and
the relatively high 18:1(n-9)/18:1(n-7) and PUFA/SFA
ratios found in N. megalops are not consistent with a diet
based mainly on dinoﬂagellates. In effect, this species is
described as a carnivorous species feeding on copepods,
dinoﬂagellates and tintinnids (e.g. in the Mediterranean:
Casanova, 1974; other areas: Barange et al., 1991; Gurney
et al., 2001). This is consistent with high percentage of the
18:1(n-9) fatty acid and high 18:1(n-9)/18:1(n-7), with
20:1(n-9) and 22:1(n-11) fatty alcohols and PUFA/SFA
ratios, indicating therefore a carnivorous feeding mode.
The dominant near bottom copepod in the Balearic Basin
is the ﬁlter feeder Calanus helgolandicus (authors’ unpub-
lished data). As large (adult) N. megalops do not migrate
up to the water column in the western Mediterranean
(Casanova, 1974), probably phytoplankton biomarkers are
found in N. megalops by daily migration of its prey close
to the sea bottom.
Fig. 4. Biomarker ratios in Nematoscelis megalops as a function of season.
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Seasonal variations
Seasonal changes in the major fatty acids and lipid ratios of B.
arctica suggest a more diverse diet during summer. Thus, the
amounts of the dominant 22:6(n-3) and 20:5(n-3) showed
lower values in this season, whereas the levels of 16:1(n-7),
18:1(n-9) and 16:0 increased during this period together
with higher proportions of bacterial fatty acids and alcohols
(TFAlc higher August 2003 and June 2004). These data
suggest more varied feeding strategies, both detritivory and
carnivory, in summer. This is also in agreement with ﬁndings
by Cartes & Sorbe (1998) who reported higher phytodetritus
consumption in July, and it was consistent with the domi-
nance of dinoﬂagellates in phytoplankton assemblages off
the Catalan coasts (in the deep chlorophyll maximum;
Estrada et al., 1985), together with copepod consumption.
The seasonal changes in the fatty acid composition also
coincide with lower lipid contents of the individuals exam-
ined, while higher lipid contents and higher stomach fullness
for this species were observed in spring (Cartes & Sorbe,
1998). In summer the ﬂow of organic matter input to the
western Mediterranean decreases (Miquel et al., 1994).
Therefore, lower lipid contents and higher diversity in the
fatty acid composition might also be related to low food
availability.
In N. megalops, despite the overall dominance of 22:6(n-3)
and 20:5(n-3) in its fatty acid proﬁle, a variety of fatty acids
were observed in autumn and winter. Thus, higher percen-
tages of short chain saturated fatty acids (14:0 and 16:0),
unsaturated fatty acids 16:1(n-7) and 18:1(n-7), which are
markers for diatoms, were found in those periods. In B.
artica, these changes might also be related to the seasonal
shift in food availability. Thus, seasonal trends in maximum
primary production occur at the end of the winter and begin-
ning of spring in the study area (Cartes et al., 2008). However,
since a preferential accumulation or de novo synthesis of
20:5(n-3) and 22:6(n-3) is probable for this species, the
higher percentages of these fatty acids could also be due to
elongation and desaturation processes of fatty acids (Hagen &
Kattner, 1998; Virtue et al., 2000), playing important roles in
fatty acid accumulation.
Seasonal changes in biomarker ratios (18:1(n-9)/18:1(n-7)
and PUFA/SFA) are consistent with changes in the fatty
acid composition for both species. However, high values of
both ratios are associated with poor feeding conditions and
are dependent on the lipid content (e.g. Auel et al., 2002;
Stu¨bing & Hagen, 2003; Nyssen et al., 2005) and in turn are
associated with physiological–reproductive stages. Therefore,
depletion of total lipids in B. artica could vary depending on
the biological condition of specimens (i.e. lower lipid content
after reproduction) as observed in mature post-spawned
males and females of the mysidMysis mixta and the amphipod
Acanthostepheia malmgremi (Richoux et al., 2005). In other
cases lipids may increase in pre-spawning females with full
ovaries. Although mature specimens and recruits can be
found all year round, B. arctica is a bivoltine species with
peaks of recruits in early spring (February–March) and
autumn (October–December). The highest proportion of
mature, oostegal females and males occurs in summer (July;
Cartes & Sorbe, 1998). Oostegal females often have embryos
in oostegal bags and empty gonads, which could explain the
lower lipid content found. In agreement with a sign of high
feeding conditions N. megalops showed lower 18:1(n-9)/
18:1(n-7) and PUFA/SFA in February, when large pre-
reproductive specimens (Cl. 4 mm) were found close to the
bottom (Cartes et al., unpublished) immediately after the
peak of spawning specimens (Casanova, 1974). Nematoscelis
megalops did not show differences in the total lipid contents
throughout the whole period studied. However, some bias in
these results might have been derived from the smaller mean
size of individuals analysed in summer, when size-classes
between 2.5 and 3.5 mm CL were dominant in near-bottom
populations (Cartes et al., 2010). Also, N. megalops is a plank-
totrophic species and has a peak of reproduction fromMarch to
May (Casanova, 1974). The eggs released by females in this
period may decrease the amount of body lipids in reproductive
periods. Among other crustaceans (e.g. two deep-sea natantian
decapods: Pontocaris sp. and Solenocera sp.; Jeffreys et al., 2009;
the caprellid amphipod Caprella mutica; Cook et al., 2010) the
most common ratios used in lipid studies (e.g. 18:1(n-9)/
18:1(n-7), PUFA/SFA) were not calculated, and no temporal
data were presented, so comparisons were not possible.
Among other benthic taxa varying proportions of PUFAs
related to the reproductive strategy of species have been
reported for deep-sea holothurians (Hudson et al., 2004),
where preferential accumulation of PUFAs was observed for
species producing small eggs with a seasonal reproductive
cycle, while species with direct development showed no
change in their proportion of PUFAs.
ACKNOWLEDGEMENTS
Thanks to all participants in the cruises IDEA
(REN2002-04535-C01-02/MAR), to the crew of the RV ‘Fco.
de Paula Navarro’, and to J.L. Lo´pez-Jurado and E. Massutı´
for on-board assistance. Thanks also to V. Papiol for
her laboratory assistance. Special acknowledgements to
Dr T. Madurell for her help in the research performing lipid
analyses, also to the National Oceanography Centre,
Southampton, NOCS/OBE, especially to Dr D. Billett, for
the scientiﬁc support given to the Marie Curie Fellowship
MEIF-CT-2005-010430 co-supervised by the author.
Analyses were performed at the University of Liverpool;
thanks are extended to the Department of Earth and Ocean
Sciences, both to Dr G. Wolff and collaborators for invaluable
technical support for lipid analyses. The last three coallegues
above mentioned were invited to particpate in the authorship
of this article.
REFERENCES
Albers C.S., Kattner G. and Hagen W. (1996) The compositions of wax
esters, triacylglycerols and phospholipids in Arctic and Antarctic cope-
pods: evidence of energetic adaptations. Marine Chemistry 55, 347–
358.
Andersen V., Devey C., Gubanovai A., Picheral M., Melniko V., Tsarin
S. and Prieura L. (2004) Vertical distributions of zooplankton across
the Almeria–Oran frontal zone (Mediterranean Sea). Journal of
Plankton Research 26, 275–293.
Auel H., Harjes M., da Rocha R., Stu¨bing D. and Hagen W. (2002)
Lipid biomarkers indicate different ecological niches and trophic
relationships of the Arctic hyperiid amphipods Themisto abyssorum
and T. libellula. Polar Biology 25, 374–383.
790 j.e. cartes
Barange´ M., Gibbons M.J. and Carola M. (1991) Diet and feeding of
Euphausia hanseni and Nematoscelis megalops (Euphausiacea) in the
Northern Benguela Current: ecological signiﬁcance of vertical space
partitioning. Marine Ecology Progress Series 73, 173–181.
Brett M.T and Mu¨ller-Navarra D.C. (1997) The role of highly unsatu-
rated fatty acids in aquatic foodweb processes. Freshwater Biology
38, 483–499.
Bu¨hring S.I. and Christiansen B. (2001) Lipids in selected abyssal
benthopelagic animals: links to the epipelagic zone? Progress in
Oceanography 50, 369–382.
Cartes J.E. and Sorbe J.C. (1998) Aspects of population structure and
feeding ecology of the deep-water mysids Boreomysis arctica, a domi-
nant species in western Mediterranean slope assemblages. Journal of
Plankton Research 20, 2273–2290.
Cartes J.E. and Maynou F. (2001) Trophodynamics of the deep-water
suprabenthic mysid Boreomysis arctica in the Catalan Sea (western
Mediterranean). Marine Ecology Progress Series 211, 225–234.
Cartes J.E. and Carrasso´n M. (2004) The inﬂuence of trophic variables in
the depth-range distribution and zonation rates of deep-sea mega-
fauna: the case of the western Mediterranean assemblages. Deep-Sea
Research I 51, 263–279.
Cartes J.E., Brey T., Sorbe J.C. and Maynou F. (2002) Comparing pro-
duction–biomass ratios of benthos and suprabenthos in macrofaunal
marine crustaceans. Canadian Journal of Fisheries and Aquatic
Sciences 59, 1616–1625.
Cartes J.E., Jaume D. and Madurell T. (2003) Local changes in the com-
position and community structure of suprabenthic peracarid crus-
taceans on the bathyal Mediterranean: inﬂuence of environmental
factors. Marine Biology 143, 745–758.
Cartes J.E., Maynou F., Moranta J., Massutı´ E., Lloris D. and
Morales-Nin B. (2004) Changes in the patterns of bathymetric distri-
bution among deep-sea fauna at local spatial scale: comparison of
mainland vs. insular areas. Progress in Oceanography 60, 29–45.
Cartes J.E., Madurell T., Fanelli E. and Lo´pez-Jurado J.L. (2008)
Dynamics of suprabenthos and zooplankton around Mallorca
(Balearic Islands, NW Mediterranean): inﬂuence of environmental
variables and effect on higher trophic levels. Journal of Marine
Systems 71, 316–335.
Cartes J.E., Fanelli E., Papiol V. and Zucca L. (2010) Distribution and
diversity of open-ocean, near-bottom macroplankton in the western
Mediterranean: analysis at different spatio-temporal scales. Deep-Sea
Research I, 57, 1485–1498.
Casanova B. (1974) Les euphasiaces de Mediterrane´e. Syste´matique et
de´veloppment larvaire. Biogeography et biologie. Universite´ de
Provence (Aix-Marseille I), CNRS A0 9446.
Clarke K.R. and Warwick R.M. (1995) Change in marine communities:
an approach to statistical analysis and interpretation. Plymouth:
Natural Environment Research Council, UK, 144 pp.
Cook E.J., Bell M.V., Black K.D. and Kelly M.S. (2000) Fatty acid
composition of gonadal material and diets of the sea urchin,
Psammechinus miliaris: trophic and nutritional implications. Journal
of Experimental Marine Biology and Ecology 255, 261–274.
Cook E.J., Shucksmith R., Orr H., Ashton G.V. and Berge J. (2010)
Fatty acid composition as a dietary indicator of the invasive caprellid,
Caprella mutica (Crustacea: Amphipoda).Marine Biology 157, 19–27.
Cripps G.C. and Atkinson A. (2000) Fatty acid composition as an indi-
cator of carnivory in Antarctic krill, Euphasia superba. Canadian
Journal of Fisheries and Aquatic Sciences 57, 31–37.
Dalsgaard J., St John M., Kattner G., Muller-Navarra D. and Hagen W.
(2003) Fatty acid trophic markers in the pelagic marine environment.
Advances in Marine Biology 46, 225–340.
Estrada M., Vives F. and Alcaraz M. (1985) Life and the productivity of
the Open Ocean. In Margalef R. (ed.) Western Mediterranean (key
environments). Oxford: Pergamon Press, pp. 198–232.
Falk-Petersen S., HagenW., Kattner G., Clarke A. and Sargent J. (2000)
Lipids, trophic relationships, and biodiversity in Arctic and Antarctic
krill. Canadian Journal of Fisheries and Aquatic Sciences 57
(Supplement 3), 178–191.
Fanelli E., Cartes J.E., Rumolo P. and Sprovieri M. (2009) Food web
structure and trophodynamics of mesopelagic–suprabenthic bathyal
macrofauna of the Algerian basin (Western Mediterranean) based
on stable isotopes of carbon and nitrogen. Deep-Sea Research I 56,
1504–1520.
Garcı´a-Guerra J.M., Martı´nez-Pita I. and Pita M.L. (2004) Fatty acid
composition of the Caprellidea (Crustacea: Amphipoda) from the
Strait of Gibraltar. Scientia Marina 68, 501–510.
Graeve M., Kattner G. and Hagen W. (1994a) Diet-induced changes in
the fatty acid composition of Arctic herbivorous copepods: experimen-
tal evidence of trophic markers. Journal of Experimental Marine
Biology and Ecology 182, 97–110.
Graeve M., Hagen W. and Kattner G. (1994b) Herbivorous or omnivor-
ous? On the signiﬁcance of lipid compositions as trophic markers in
Antarctic copepods. Deep-Sea Research 41, 915–924.
Gurney L.J., Froneman P.W., Pakhomov E.A. and McQuaid C.D.
(2001) Trophic positions of three euphausiid species from the Prince
Edward Islands (Southern Ocean): implications for the pelagic food
web structure. Marine Ecology Progress Series 217, 167–174.
Hagen W. and Kattner G. (1998) Lipid metabolism of the Antarctic
euphausiid Thysanoessa macrura and its ecological implications.
Limnology and Oceanography 43, 1894–1901.
Hagen W., Kattner G., Terbru¨ggen A. and Van Vleet E.S. (2001) Lipid
metabolism of the Antarctic krill Euphausia superba and its ecological
implications. Marine Biology 139, 95–104.
Hudson I.R., Pond D.W., Billett D.S.M., Tyler P.A., Lampitt R.S. and
Wolff G.A. (2004) Temporal variations in fatty acid composition of
deep-sea holothurians: evidence of bentho-pelagic coupling. Marine
Ecology Progress Series 281, 109–120.
Jeffreys R.M., Wolff G.A. and Murty S.J. (2009) The trophic ecology of
key megafaunal species at the Pakistan Margin: evidence from stable
isotopes and lipid biomarkers. Deep-Sea Research I 56, 1816–1833.
Ju S. and Harvey H.R. (2004) Lipids as markers of nutritional condition
and diet in the Antarctic krill Euphausia superba and Euphausia crys-
tallorophias during austral winter. Deep-Sea Research II 51, 2199–
2214.
Kharlamenko V.I., Zhukova N.V., Khotimchenko S.V., Svetashev V.I.
and Kamenev G.M. (1995) Fatty acids as markers of food sources in
a shallow-water hydrothermal ecosystem (Kraternaya Bight, Yankich
Island, Kurile Islands). Marine Ecology Progress Series 120, 231–241.
Kiriakoulakis K., Stutt E., Rowland S.J., Vangriesheim A., Lampitt R.S.
and Wolff G.A. (2001) Controls on the organic chemical composition
of settling particles in the Northeast Atlantic Ocean. Progress in
Oceanography 50, 65–87.
Kiriakoulakis K., White M., Bett B.J. and Wolff G.A. (2004) Organic
biogeochemistry of the DarwinMounds, a deep-water coral ecosystem,
of the NE Atlantic. Deep-Sea Research I 51, 1937–1954.
Lee R.F., Hagen W. and Kattner G. (2006) Lipid storage in marine zoo-
plankton. Marine Ecology Progress Series 307, 273–306.
Madurell T., Fanelli E. and Cartes J.E. (2008) Isotopic composition of
carbon and nitrogen of suprabenthos fauna in the NW Balearic
Islands (western Mediterranean). Journal of Marine Systems 71,
336–345.
lipid biomarkers in b. arctica and n. megalops 791
Mauchline J. (1980) The biology of mysids and euphausiids. Advances in
Marine Biology 18, 1–681.
Mayzaud P., Boutoute M. and Alonzo F. (2003) Lipid composition of the
euphausiids Euphausia vallentini and Thysanoessa macrura during
summer in the Southern Indian Ocean. Antarctic Science 15, 463–475.
Mees J. and Jones M.B. (1997) The hyperbenthos. Oceanography and
Marine Biology: an Annual Review 35, 221–255.
Miquel J.C., Fowler S.W., La Rosa J. and Buat-Menard P. (1994)
Dynamics of the downward ﬂux of particles and carbon in the open
northwestern Mediterranean Sea. Deep-Sea Research 41, 243–261.
Nelson M.M., Mooney B.D., Nichols P.D. and Phleger C.F. (2001)
Lipids of Antarctic Ocean amphipods: food chain interactions and
the occurrence of novel biomarkers. Marine Chemistry 73, 53–64.
Nyssen F., Brey T., Dauby P. and Graeve M. (2005) Trophic position of
Antarctic amphipods—enhanced analysis by a 2-dimensional bio-
marker assay. Marine Ecology Progress Series 300, 135–145.
Phleger C.F., Nelson M.M., Mooney B.D. and Nichols P.D. (2002)
Interannual and between species comparison of the lipids, fatty acids
and sterols of Antarctic krill from the US AMLR Elephant Island
survey area. Comparative Biochemistry and Physiology Part B 131,
733–747.
Polunin N.V.C., Morales-Nin B., Pawsey W.E., Cartes J.E., Pinnegar
J.K. and Moranta J. (2001) Feeding relationships in Mediterranean
bathyal assemblages elucidated by stable nitrogen and carbon isototpe
data. Marine Ecology Progress Series 220, 13–23.
Richoux N., Deibel D., Thompson R.J. and Parrish C.C. (2005) Seasonal
and developmental variation in the fatty acid composition of Mysis
mixta (Mysidacea) and Acanthostepheia malmgreni (Amphipoda)
from the hyperbenthos of a cold-ocean environment (Conception
Bay, Newfoundland). Journal of Plankton Research 27, 719–733.
Sainte-Marie B. and Brunel P. (1985) Suprabenthic gradients of swim-
ming activity by cold-water gammaridean amphipod Crustacea over
a muddy shelf in the Gulf of Saint Lawrence. Marine Ecology
Progress Series 23, 57–69.
Saito H., Kotani Y., Keriko J.M., Xue C., Taki K., Ishihara K., Ueda T.
and Miyata S. (2002) High levels of n-3 polyunsaturated fatty acids in
Euphausia paciﬁca and its role as a source of docosahexaenoic and
icosapentaenoic acids for higher trophic levels. Marine Chemistry 78,
9–28.
Sano M., Omori M. and Taniguchi K. (2003) Predator–prey systems of
drifting seaweed communities of the Tohoku coast, northern Japan, as
determined by feeding habit analysis of phytal animals. Fisheries
Science 69, 260–268.
Sargent J.R. and Henderson R.J. (1986) Lipids. In Corner E.D.S. and
O’Hara S.C.M. (eds) The biological chemistry of marine copepods.
Oxford: Clarendon Press, pp. 59–108.
Sargent J.R., Parkes R.J., Mueller-Harvey I. and Henderson R.J. (1987)
Lipid biomarkers in marine ecology. In Sleigh M.A. (ed.) Microbes in
the sea. Chichester: Ellis Horwood, pp. 119–138.
Scott C.L., Falk-Petersen S., Sargent J.R., Hop H., Lonne O.J. and
Poltermann M. (1999) Lipids and trophic interactions of ice fauna
and pelagic zooplankton in the marginal ice zone of the Barents Sea.
Polar Biology 21, 65–70.
Stu¨bing D. and Hagen W. (2003) Fatty acid biomarker ratios—suitable
trophic indicators in Antarctic euphausiids? Polar Biology 26, 774–
782.
Suhr S.B., Pond D.W., Gooday A.J. and Smith C.R. (2003) Selective
feeding by benthic foraminifera on phytodetritus on the western
Antarctic Peninsula shelf: evidence from fatty acid biomarker analysis.
Marine Ecology Progress Series 262, 153–162.
Tyler P.A. (2003) The peripheral seas. In Tyler P.A. (ed.) Ecosystems of the
deep ocean. Amsterdam: Elsevier, pp. 261–295.
Virtue P., Mayzaud P., Nichols P.D. and Albessard E. (2000) The use of
fatty acids as dietary indicators in krill, Meganyctiphanes norvegica
from the north-eastern Atlantic, Kattegat and Mediterranean during
summer and winter. Canadian Journal of Fisheries and Aquatic
Sciences 57, 107–114.
and
Werner I. and Auel H. (2005) Seasonal variability in abundance, respir-
ation and lipid composition of Arctic under-ice amphipods. Marine
Ecology Progress Series 292, 251–262.
Correspondence should be addressed to:
J.E. Cartes
Institut de Cie`ncies del Mar (ICM-CSIC)
Postgrau Marı´tim de la Barceloneta 37–49, Spain
email: jcartes@cmima.csic.es
792 j.e. cartes
